Dried rhizomes of Cimicifuga racemosa (CR), which are known as black cohosh, have been widely used as herbal dietary supplements to treat menopausal symptoms. The present study examined the effect of CR extracts on human psychological and physiological responses to acute stress induced by mental arithmetic tests, by measuring the subjective stress intensity, the brain-wave patterns according to electroencephalography, and the concentrations of salivary chromogranin-A and cortisol. The experiments were performed double-blind and their order was counterbalanced. Treatment with CR significantly attenuated the elevated subjective perception of stress and the increased salivary chromogranin-A levels compared with placebo treatment. CR extract also rapidly recovered the decrease in alpha waveband induced by performing the mental arithmetic task. We therefore propose that CR extracts might be suitable for the prevention and treatment of stressrelated disorders.
Cimicifuga racemosa (CR) of the Ranunculaceae family is indigenous to eastern North America, and its range extends as far as south Florida. Dried rhizomes of CR are known as black cohosh and have been widely used as herbal dietary supplements for almost five decades. Historically, Native American women ingested water extract of CR for pain relief during menstruation and childbirth. In recent years, ethanolic and isopropanolic extracts of CR have been used for the treatment of general menopause symptoms including hot flushes, profuse sweating, irritability, and anxiety; in addition, its popularity has grown among women hoping to avoid the potential toxicity of classical hormone-replacement therapy (4) . With respect to the commercial CR product Remifemin ® , which contains 1 mg triterpene glycosides per 20-mg tablet, some pharmacological studies have been undergone and these results show that, rather than exhibiting estrogen-like activities, its underlying mechanisms are dopaminergic (5) and serotonergic (6, 39) . However, the details of its actions remain unclear. Investigations into the chemical constituents of CR revealed alkaloids (19) , isoflavones (52) , phenylpropanoids (8) , and more than 20 highly oxygenated triterpene glycosides with cycloartane skeletons, which are secondary metabolites believed to have biological effects (28, 56) . We recently observed anti-stress activities of CR extract in mice (31) : a single oral administration of CR extract (200-1,000 mg/kg) significantly attenuated plasma corticosterone and aspartate aminotransferase (AST) levels that had been increased as a result of enforced immobilization. Bioassay-guided fractionation of CR extracts isolated 10 triterpenes, among which actein, 23-epi-26-deoxyactein, and cimiracemoside F (100 mg/kg, per os) were shown to contribute to the anti-stress effects. Moreover, oral administration of CR extract affects immobilization tude (49, 53, 58) . The present study measured subjective stress intensity, brain-wave patterns, and concentrations of salivary CgA and cortisol as indices of acute stress responses to the U-K test. We also examined the buffering effects of CR extract on such responses by asking participants to consume a capsule containing 200 mg CR extract before exposure to the acute stressor. As the effects of drug treatment can be dependent on participant expectations, the placebo condition involved the consumption of a capsule containing lactose. All participants engaged in the two conditions in a double-blind counterbalanced order.
MATERIALS AND METHODS
Participants. Twenty healthy adult males (age range: 20-29 years) participated in experiment 1. Eleven healthy adults (six males and five females; age range: 20-22 years) participated in experiment 2 (see below). The participants had no history of psychological or psychiatric disease, no current mental or physical symptoms including depression, and no recent history of drug use. Before the experiments, the participants were asked to maintain their general habits, to sleep as long as usual, to refrain from heavy physical activity on the day before the experiments, to drink only water, and not to smoke or take any stimulants such as alcohol, coffee, cola, caffeine, or tea from the night before the experiments. The experiments were scheduled to be performed in the morning, and all participants signed an informed consent form after receiving verbal and written information about the study. The experiments were conducted in accordance with the Declaration of Helsinki, and the protocol and conduct were approved by the Ethics Research Committee of Asahi Group Holdings, Ltd (Tokyo, Japan).
Supplementation design. The participants were randomly assigned to one of two groups, based on a crossover experimental design, receiving either CR extract (Nippon Funmatsu Yakuhin, Osaka, Japan) or placebo (lactose). The CR extract (200 mg) and placebo capsules were indistinguishable, and were taken with 100 mL water. Two sessions were conducted with a 7-day interval. The study design was double-blind, with neither the participants nor the experimenters knowing which group the subjects were in until the last one had completed the study.
Psychological stress protocol; Experiment 1. The stress-induced changes in murine cerebral monoamine metabolism (32) . Although many clinical studies reported the efficacy of CR extracts for relieving menopausal symptoms, no investigations have been carried out into their anti-stress properties in humans. Lifetime exposure to stress can have important consequences for health. Stress has been related to a large number of pathologies, such as cardiovascular disease, atherosclerosis, cancer, gastric ulcer, and type 2 diabetes (11, 51) . Two main body systems are involved in the stress response: the sympathetic adrenomedullary (SAM) system and the hypothalamus-pituitary-adrenal axis (HPA-axis). Recently, there has been increasing interest in measuring salivary chromogranin-A (CgA) concentrations as an indicator of psychological stress levels (22, 33, 34, (36) (37) (38) . Human CgA is produced by the submandibular glands, and secreted into the saliva (48) ; it can thus be measured non-invasively with relatively little stress (26) . It belongs to a family of highly acidic proteins, which are co-stored and co-released with catecholamine in the adrenal medulla (3, 57) . CgA was shown to be a valuable indicator of sympathoadrenal activity (55) , and is a possible alternative to the measurement of plasma catecholamine concentrations (23) . Moreover, salivary CgA secretion might be an index for activated sympatho-adrenal activity in the stress response (33, 59) . Although salivary cortisol reflects the extent of the HPA-axis activity in response to physiological and psychological stress conditions (45) , salivary CgA changes more rapidly and more sensitively in response to psychological stressors than salivary cortisol (33) . Electroencephalograms (EEGs) are used to measure brain waves. Each brain-wave pattern is associated with a different mood state and state of consciousness. Four basic brain wavebands make up an EEG: delta, theta, alpha, and beta. The alpha waveband is observed during wakefulness when there is relaxed and effortless alertness. Therefore, a high alpha waveband has been used as an index of arousal, relaxation, and anti-stress (1, 2, 30, 40) . A variety of tasks have been used as acute stressors in psychological and physiological stress studies. The Uchida-Kraepelin (U-K) test involves a questionnaire modified from Kraepelin's arithmetic test (27) . It is a serial addition test, requiring subjects to perform calculations as rapidly and accurately as possible within 60 min. It requires focused effort and attention by the subject, making it useful for the assessment not only of character but also of psychological stress (20, 29) . Indeed, it has been widely used as a psychological stressor to assess work apti-tents of the capsule. The modified (m) U-K test was then performed, with the answers being given orally. Brain-wave data were collected before the mU-K test, and 0 and 60 min after the mU-K test during a 5-min period in which the eyes of the participants were closed. The participants returned for a second test at the same time 1 week later, when the same procedure was followed with administration of the alternative capsule.
Psychological measures. A psychological evaluation of the stressfulness was performed using a visual analog scale (VAS) ranging from 0-10 with 0 indicating no stress. In addition, the participants completed the Japanese version (35) of the state section of the State-Trait Anxiety Inventory (STAI) (50), which measures state anxiety.
Salivary analysis. Saliva was collected using Salivettes ® (Sarstedt, Numbrecht, Germany). Participants were instructed to introduce a cotton swab into their mouths for exactly 1 min, without chewing it, and to move the swab around in a circular pattern to collect saliva from all of the salivary glands (43) . The swab was then removed, and the saliva was extracted by centrifugation at 1,500 × g for 10 min. The samples were frozen at −20°C until required for analysis. The salivary CgA concentration was determined by an enzyme-linked immunosorbent assay (ELISA) using the YK070 Human CgA EIA kit (Yanaihara Institute Inc., Shizuoka, Japan). The salivary cortisol levels were assayed using the High Sensitivity Salivary Cortisol EIA kit (Salimetrics LLC, State College, PA). The inter-and intra-assay variation was below 10%.
EEGs. In order to assess the relaxation effects, we analyzed the alpha waves in the EEG background activity, which are observed within the 8-to-13-Hz frequency range. Alpha waves are observed predominantly in the occipital area of the scalp when the eyes are closed. We utilized the international 10-20 system of electrode placement, and located electrodes at 19 sites (Fp1, Fp2, Fz, F3, F4, F7, F8 , Cz, C3, C4, T3, T4, T5, T6, Pz, P3, P4, O1, and O2) on the scalp. The linked ear lobes served as a reference. We calculated the power spectrum (RMS) for the alpha-wave frequency range at 0.5-Hz intervals using the Fast Fourier Transform (FFT), and made a topographic map for each frequency range.
Statistical analysis. Psychological data were analyzed using repeated-measures analyses of variance experimental schedules are shown in Fig. 1 . The participants were instructed to eat a light breakfast on the morning of the experiment, and caffeine-containing beverages were not allowed. On arrival, the participants signed a consent form, and underwent psychological measurements and saliva collection. After a 30-min rest period, they were administered one of the two identical capsules in a pre-determined randomized order. After a 60-min rest period, the U-K test was performed in a 30-min work/5-min rest cycle. The test used pre-printed paper containing 34 lines of random, single-digit, horizontally aligned numbers. For each minute of the test, the subjects were instructed to begin a new line regardless of their position on the current line. Each line contained so many calculations that the subjects were unable to complete them before being prompted to move on by the examiner. Saliva samples and psychological measurements were obtained during and after the U-K test. Participants returned for a second test at the same time 1 week later, when the same procedure was followed with administration of the alternative capsule.
Psychological stress protocol; Experiment 2. Participants were instructed as described for experiment 1. They were fitted with physiological measurement equipment, seated in an air-conditioned booth for approximately 30 min after arrival at the laboratory, and administered one of the two identical capsules in a pre-determined randomized order. Both the subjects and the experimenters were blind to the con- in values. On the other hand, the treatment with CR extract significantly attenuated the elevated salivary CgA at the middle, post 1, and post 2 points in comparison with the placebo group.
Experiment 2; EEGs
The topographical changes in the alpha waveband (8.0-13.0 Hz) are shown in Fig. 3 . As the temporal variations in the amounts of alpha wavebands (9.0-9.5 Hz) from the left (O 1 ) or right (O 2 ) occipital area were most strongly affected by the task, we analyzed these data (Fig. 4) . The amounts of alpha wavebands (9.0-9.5 Hz) in both occipital areas were decreased during the task in both groups, and that only the CR-extract group showed tendency of recoveries from post 1 to post 2 without significant. (ANOVAs) with two within-participant factors: the condition (placebo and CR extract) and the period (baseline, post 1, and post 2). Other data were analyzed using repeated-measures ANOVAs with two within-participant factors, the condition (placebo and CR extract) and the period (baseline, middle, post 1, and post 2). Post-hoc analyses using least significant difference (LSD) tests were conducted to examine which combinations of data points differed significantly. Significance was assumed at P-values < 0.05. Pearson correlation coefficients were computed among the change scores (scores at the post 1 − scores at the baseline) of each parameter to examine the relationship between the psychological and physiological parameters. All results represent means ± standard error of the mean (SEM). PASW Statistics 18 software (SPSS Inc. 2009) was used to perform all analyses.
RESULTS

Experiment 1; Psychological measures
The psychological data are shown in Tables 1 and 2 . The subjective stress feeling was significantly increased by task performance in both groups, and that the post 1 value of the CR-extract group was significantly lower than that of the placebo group. The significant increases in state anxiety score caused by the task recovered after the 60-min rest period in both groups, with no significant difference in values. Fig. 2A and B shows the temporal variation of salivary cortisol and salivary CgA levels. We observed significant increases in salivary cortisol levels caused by the task followed by recovery after a 60-min rest period in both groups, with no significant difference P-value for two-way ANOVA followed by LSD test (**P < 0.01 vs. Placebo). 
Experiment 1; Salivary cortisol and CgA levels
Correlation between psychological and physiological parameters
We tried to calculate the correlation coefficients for each parameter, in order to understand any patterns in the changes. We also determined the correlations between the subjective stress feeling score, STAI state score, and salivary CgA, because the salivary cortisol levels did not increase significantly from baseline to post 1 after performing the task. These results revealed a positive and significant correlation between the subjective stress feeling score and STAI state anxiety (r = 0.82, P < 0.01), and a positive and tendency of correlation between the subjective stress feeling and salivary CgA (r = 0.40, P = 0.08), and between the STAI state score and salivary CgA (r = 0.43, P = 0.06).
DISCUSSION
Our main findings suggested that the acute stress responses elicited by the U-K test were reduced by the oral administration of 200 mg CR extract. The experimental procedure was indeed able to induce stress, as exposure to the U-K test increased the subjective perception of stress, and the salivary cortisol and CgA levels, but decreased the alpha wave- have observed that immobilization stress activates the HPA axis, and increases the release of monoamines in the brain such as NE, serotonin (5-HT), and dopamine (DA) (9, 25, 44, 54) . Moreover, serotonergic projections from the dorsal raphe nucleus inhibit firing of the LC, whereas noradrenergic projections from the LC have an excitatory effect on cell bodies in the dorsal raphe (24) . Agonists of the 5-HT 1A receptor and selective 5-HT-reuptake inhibitors (SSRIs) are clinically useful for the treatment of various anxiety disorders (13, 16) . Thus, the relationships among NE, 5-HT, and DA play important roles in the regulation of the SAM system during stress.
Several previous studies have reported that CR extract interacts with neurotransmitters such as 5-HT (6, 32, 39) and DA (5) . In vitro, CR extract acts as agonist of various 5-HT receptors, particularly 5-HT 1A , 5-HT 1D , and 5-HT 7 . CR extract also shows receptor-mediated functional activity, as demonstrated by cyclic AMP (cAMP) induction in human embryonic kidney cells stably overexpressing the 5-HT 7 receptor (6). We believe that the oral administration of CR extract prior to stress exposure might act as a 5-HT 1A agonist and attenuate SAM or HPA-axis activity. CR extract reportedly acts as a competitive ligand and a partial agonist for opiate receptors (41, 42) , similar to 5-HT receptors. Additionally, CR extract and isolated cycloartane glycosides have gamma-aminobutyric acid (GABA) A receptor-modulating effects (12) , which could also be relevant to the present results. Thus far, little is known about the pharmacokinetics and metabolites of CR extract. A recent study, however, provided the first evidence for the bioavailability of actein after oral administration to rats (18) . It remains to be clarified whether these compounds penetrate the blood-brain barrier for efficient DA, 5-HT, opioid, and GABA A receptor modulation in vivo; this should be addressed in future studies.
The present results could be interpreted as indicating that a change in the central nervous system elicited the reduction of acute stress responses. They also suggest that such reduction of physiological stress responses can be subjectively monitored, at least in part, and might reduce subjective stress feelings. Consequently, it appears that CR extract plays both a physiological and a psychological anti-stress role via modulation of central nervous system activity. However, we neither directly evaluated parameters reflecting such functions, nor assessed the effects of the CR extract on HPA-axis stress-induced activation. Further studies are needed to investigate band. Experiment 1 was shown to be a reasonable procedure for evaluating the effect of CR extracts on psychological and physiological stress responses; however, correlations could not be calculated for experiment 2 as only one parameter was measured.
The beneficial effects of CR extract were consistently observed not only in psychological stress responses, such as the subjective perception of stress, but also in physiological stress responses, such as the salivary CgA and the alpha waveband. Moreover, there was no difference in the total number of sums calculated in the U-K test between the placebo and CR-extract groups, indicating that the CR extract did not reduce the calculation capability. Although it is possible that the buffering effect was induced by a placebo effect, as is frequently seen in medical clinical trials, we employed a double-blind crossover study design to prevent this.
In experiment 1, although salivary cortisol levels were significantly increased by the task, the rise was minimal. This could be explained by an effect of circadian rhythm, as the experiment was always conducted in the morning (43) . Therefore, although we previously showed that CR extract significantly attenuated the immobilization stress-induced increase in plasma corticosterone in mice (31), a similar effect was not observed on salivary cortisol in humans. However, treatment with CR extract significantly attenuated the elevation of salivary CgA and subjective stress feelings, and rapidly recovered the decrease in alpha wavebands compared with the placebo group. These results suggest that CR extract affects the SAM system during the performance of stressful tasks. Our studies on mice (31) and this study on humans suggested that CR extract interacted with both the HPA axis and the SAM system during stress. As Chrousos and Gold (10) discussed, the HPA axis and the SAM system could interact at many central sites to coordinate the stress response. The neurons that release corticotrophin-releasing factor (CRF) project from the lateral paraventricular nuclei (PVN) in the hypothalamus to sympathetic hindbrain regions (47) , and, conversely, catecholaminergic fibers from the locus coeruleus (LC)-noradrenergic system project to the PVN (14, 15, 46) . Furthermore, the administration of CRF to LC neurons increases the firing rate (17, 21) , and norepinephrine (NE) is a potent stimulus for the release of CRF (7, 15) . CRF controls the secretion of adrenocorticotropic hormone (ACTH) from the anterior pituitary, which stimulates the adrenal cortex secretion of glucocorticoid hormones, mainly corticosterone in mice and cortisol in humans (60) . Many studies such neural and endocrine mechanisms. Nevertheless, we propose that CR extracts might be suitable for the prevention and treatment of stress-related disorders.
